The aim of the present study was to evaluate the following parameters for the grain yield of silage maize: variability of inbred lines and their diallel hybrids, superior-parent heterosis and components of genetic variability and heritability on the basis of the diallel set. The two-year four-replicate trial was set up according to the randomised completeblock design at Zemun Polje. It was determined that a genotype, year and their interaction significantly affected variability of this trait. The highest, i.e. the lowest grain yield, on the average for both investigation years, was recorded in the silage maize inbred lines ZPLB402 and ZPLB405, respectively. The analysis of components of genetic variance for grain yield shows that the additive component (D) was lower than the dominant (H 1 and H 2 ) genetic variance, while a positive component F and the frequency of dominant (u) and recessive (v) genes for this observed trait point to prevalence of dominant genes over recessive ones. Furthermore, this is confirmed by the ratio of dominant to recessive genes in parental genotypes for grain yield (Kd/Kr>1) that is greater than unity in both years of investigation. The estimated value of the average degree of dominance (H 1 /D) ½ exceeds unity, pointing out to superdominance in inheritance of GENETIKA, Vol. 36, No. 2, 121-131, 2004. this trait in both years of investigation. Results of Vr/Wr regression analysis indicate superdominance in inheritance of grain yield. Moreover, a registered presence of non-allelic interaction points out to the need to study effects of epistasis, as it can have a greater significance in certain hybrids. A greater value of dominant than additive variance resulted in high values of broad-sense heritability for grain yield in both investigation years (98.71%, i.e.
this trait in both years of investigation. Results of Vr/Wr regression analysis indicate superdominance in inheritance of grain yield. Moreover, a registered presence of non-allelic interaction points out to the need to study effects of epistasis, as it can have a greater significance in certain hybrids. A greater value of dominant than additive variance resulted in high values of broad-sense heritability for grain yield in both investigation years (98.71%, i.e. 97.19% in 1997, i.e. 1998, respectively) , and low values of narrow-sense heritability (11.9% in 1997 and 12.2% in 1998) .
INTRODUCTION
A proper evaluation of heterosis, genetic variability and heritability of a trait is a very important from the aspect of practical selection. Heterosis as hybrid vigour of the F 1 generation in relation to parents is maximally used in the maize production. Heterosis evaluated and expressed in % in relation to values of superior-parent heterosis was named relative heterosis in contrast to absolute heterosis (FISHER, 1978) , where an actual magnitude of a quantitative trait of F 1 generation is considered. According to FISHER (1978) absolute heterosis occurs if an average value of the trait of F 1 generation is higher that the average trait of the superior parent. However, heterosis is not a frequent phenomenon, and a case that the progeny is more superior in all traits than the superior parent is even rarer, hence the study is performed for each individual case. HAYMAN (1954; 1954a) and JINKS (1954) genetically studied parental inbreds engaged in diallel crosses, while and KEMPTHORNE (1956) genetically analysed the initial population that had been a source of parental inbreds. According to methods of HAYMAN (1954a) genetic variance can be separated into the following components: D -variance based on the additive gene effects; F -sum of effects of interaction (additive x dominant); h 2 -hereditability estimated on the basis of total genetic variance to phenotypic variance ratio. Besides, the following is presented: a figure presenting a relation of Vr variance and Wr covariance, limiting parabolas and an expected regression line according to which the character of gene effects is shown. HANSON (1963) points out that heritability (h 2 ), as a part of variation due to the genetic constitution of parents, can be considered in a broad sense (genetic to phenotypic variance ratio) and in a narrow sense (additive genetic to phenotypic variance ratio). FALCONER (1960) indicates that when evaluating heritability one should bear in mind that obtained heritability for a certain trait is a value related to a particular population and specific environmental conditions. According to analysis used by HAYMAN (1954 HAYMAN ( , 1954a , MORENO-GONZALES and DUDLEY (1981) , IVANOVIĆ (1982) , DRAGANIĆ et al. (1982) , BABIĆ (1993) , PAJIĆ (1984) , TRIFUNOVIĆ (1986) and TODOROVIĆ (1995) established that dominant genetic variance was more important than additive one, that dominant genes prevailed over recessive ones. The same authors also determined low values of narrow-sense heritability and high values of broad-sense heritability and that grain yield was inherited by dominance or superdominance, while results obtained by OBILANA et al. (1979) , who had studied genetic variance in intervarietal hybrids, confirmed that additive genetic variance was greater than dominant one for grain yield. Dominant variance was lower by approximately 50% than the value of additive variance. GUNN (1975) emphasises that aims of selection for the silage maize development should not be orientated only towards the development of hybrids with high grain yields, but also to the development of hybrids which will have high yields of the total dry matter. VATTIKONDA and HUNTER (1983) determined that the most grain yielding hybrid had silage yield lower by 10% than the record yielding silage maize. These results point out that there are justifiable reasons for a specific selection programme on silage maize. The genetic background of traits important for the increase of yield and quality of silage maize has not be significantly studied yet in relation to studies on inheritance of grain yield and its components (BARRIERE et al., 1988; DHILLON et al., 1990) .
Based on the analysis of components of genetic variance it can be expected that dominant genes will have more important role in inheritance of grain yield in silage maize than additive genes.
MATERIAL AND METHODS
Six inbred lines of silage maize of the FAO maturity group 400 within the ZP collection (ZPL401, ZPL402, ZPL403, ZPL404, ZPL405, ZPL406) and 15 hybrids derived by diallel crosses of inbred lines were used in this study. A comparative field trial with inbreds and hybrids was set up according to the randomised complete-block design with four replications at Zemun Polje in 1997 and 1998. Each genotype was sown in one row per a replication with the density of 71,400 plants ha -1 . The elementary plot size was 2.8 m 2 . Statistical processing of obtained results was done for each year due to a high significance of effects of a year on grain yield of silage maize. The following biometrical parameters were estimated: means, standard deviation, coefficient of variation and superior-parent heterosis. The analysis of components of genetic variance and regression analysis were done after the model used by HAYMAN (1954 ), JINKS (1954 ) and MATHER and JINKS (1971 . 
RESULTS AND DISCUSSION
Obtained results of the two-factorial analysis of variance show very significant values of mean squares of a year, genotypes and the year x genotype (Y x G) interactions (Table 1) .
The analysis of results indicates, as expected, a significantly higher yield of hybrids in relation to the yield of inbred lines in both years of investigation. The lowest, i.e. highest yield was recorded in the inbred ZPLB405 (3.253 t ha -1 in 1997 and 3.150 t ha -1 in 1998), i.e. ZPLB402 (5.977 t ha -1 in 1997 and 6.798 t ha -1 in 1998), respectively. The hybrid combination ZPLB402 x ZPLB403 had the lowest average yield in both years -4.083 t ha -1 in 1997 and 6.052 t ha -1 in 1998. On the other hand, the highest average yields of 14.082 t ha -1 and 14.910 t ha -1 were recorded in the hybrids ZPLB401 x ZPLB406 (1997) and ZPLB404 x ZPLB406 (1998), respectively, ( Table 2 ).
The coefficient of variation for inbreds ranged from 5.76% (ZPLB403) to 22.61% (ZPLB405) in 1997 and from 3.81% (ZPLB401) to 22.37% (ZPLB406) in 1998. The corresponding values for hybrids ranged from 1.53% (ZPLB401 x ZPLB406) to 22.39% (ZPLB402 x ZPLB403), and from 3.04% (ZPLB404 x ZPLB406) to 14.71% (ZPLB403 x ZPLB405), ( Table 2 ). The average values of the coefficient of variation were higher for inbreds than for hybrids in both years of investigation.
The majority of hybrids expressed highly significantly positive values of heterosis in both years, except the F 1 hybrids ZPLB401 x ZPLB404, ZPLB402 x ZPLB404 and ZPLB 403x ZPLB404 that had positive, but not significant values of heterosis in both investigation years. The hybrid combinations ZPLB404 x ZPLB405 (1997) and ZPLB403 x ZPLB405 (1998) had significant positive values of heterosis, while the hybrid ZPLB402 x ZPLB403 had negative heterosis in both years in relation to a superior parent. The maximum value of heterosis was recorded in 1998 in the F 1 generation ZPLB405 x ZPLB406 and amounted to 178.1%, while the combination ZPLB401 x ZPLB406 expressed the highest heterotic effect (143.8%) in 1997. The lowest positive heterosis in 1997 (30.7%) and 1998 (13.5%) was recorded in the F 1 generation ZPLB403 x ZPLB404 and ZPLB401 x ZPLB404, respectively (Table 2) .
On the basis of the analysis of components of genetic variability for maize grain yield (Table 3) it can be concluded that the dominant component of variance (H 1 and H 2 ) was significantly higher than the additive component (D) in both years of investigations, and it points out to the greater participation of the dominant component in genetic variance. The value F (additive x dominant effect interaction) was positive, which means that dominant alleles prevailed over the recessive ones. This is also confirmed by the frequency of dominant alleles in relation to the recessive ones (u=0.62; v=0.38 in1997 and u=0.70; v=0.30 in 1998) . According to these results, dominant and recessive genes were not symmetrically arranged in parents as indicated by the ratio of H 2 /4H 1 that was less than 0.25. The average degree of dominance (H 1 /D) ½ was greater than unity indicating that grain yield in maize is related to superdominance. The proportion of the total number of dominant and the total number of recessive genes Kd/Kr points out that parents have more dominant genes for this trait, since estimated values in both years were greater than unity (Table 3) . The presence of epistasis was detected for grain yield in both years of investigation. By the elimination of each parent individually it was determined that the inbred ZPLB401 included epistasis in both years, while the inbred ZPLB402 included epistasis in 1997. The value of the parameter a was negative for both years (a=-9.04 and a=-20.15 in 1997 and 1998, respectively) . The regression line intercepted Wr ordinate bellow the point of origin in both years indicating superdominance in inheritance of grain yield (Figures 1 and 2 ). It agreed with the average degree of dominance (H 1 /D) ½ (Table 3) , that was higher than unity. According to the distribution of parental genotypes in relation to the regression line it can be concluded that the inbreds ZPLB405 and ZPLB406 were donors of the majority of recessive genes, while the inbreds ZBLB403 and ZPLB404 were donors of dominant genes for grain yield in 1997 and 1998. The inbred ZPLB401 included epistasis and therefore it was eliminated from the analysis in both years. The inbred ZPLB402 was eliminated in 1997, while in 1998 it was characterised by a greater number of dominant genes (Figures 1 and 2) .
Low values of narrow-sense heritability were expressed for grain yield in both years of investigation (h 2 ns =11.9% in 1997 and h 2 ns =12.2% in 1998; Table 3 ). This was caused by a low proportion of additive variance in this trait expressing. Contrary to these results, broad-sense heritability had very high values (h 2 bs =98.4% in 1997 and h 2 bs =97.9% in 1998), pointing out to a great proportion of dominant genes in total genetic variance (Table 3) .
Grain yield is an important and a complex trait consisting of a greater number of components of quantitative nature with a polygenic base. According to the presented data on grain yield (Table 2 ) all hybrid combinations, except ZPLB402 x ZPLB403, expressed positive heterotic effects. The stated hybrid combination had the lowest mean in both investigation years. Heterosis was estimated in relation to average superior-parent heterosis and was named absolute and relative heterosis after FISHER (1978) . High heterosis usually occurs when effects of non-additive genes are higher, especially in the case of superdominance, as in this study. The hybrid combination ZPLB402 x ZPLB403 did not have a positive heterosis for ear length as its mean was lower than parental means in both years (Table 2). High values of heterosis for grain yield of maize were determined by TODOROVIĆ (1995) . Obtained values of coefficients of variance for grain yield were lower than those obtained by KOJIĆ (1982) and BABIĆ (1993) .
Components of genetic variance for grain yield in both years were calculated from systems of equations (JINKS, 1954; HAYMAN, 1954; MATHER and JINKS, 1971) (Table 3) . Obtained results are in accordance with results gained by MORENO-GONZALES and DUDLEY (1981) , KOJIĆ (1982) , PAJIĆ (1984) , BABIĆ (1993) and TODOROVIĆ (1995). The complete picture on gene actions according to MATHER and JINKS (1971) is established by the regression analysis. In the absence of the interallelic interaction the scatter of array points on the Vr/Wr graph should lie inside the limiting parabola and be distributed along the regression line. The degree of dominance is estimated from the point of intersection of the regression line with the Wr ordinate. When the regression line intersects the Wr ordinate above the point of origin (D>H; a=+) it indicates partial dominance. When the regression line passes through the point of origin (D=H; a=0) it indicates complete dominance. When the regression line passes bellow the point of origin, as in the present study on ear length (H>D; a=-), it indicates superdominance (Figures 1 and 2 ) what is in accordance with results achieved by KOJIĆ (1982) , PAJIĆ (1984) and TODOROVIĆ (1995) . The scatter of array points along the expected regression line indicates the distribution of dominant and recessive genes among the parents. The points nearest the point of origin represent the parents with the highest number of dominant genes, while points furthest from the point of origin represent the parents with the highest number of recessive genes.
The similarity between the parents and the offspring depends on magnitude of genetic variance and its components. The ratio between genetic variance and total phenotypic variance represents broad-sense heritability, while narrowsense heritability is the ratio between additive genetic variance and total phenotypic variance. Low values of narrow-sense heritability for grain yields were obtained in both investigation years (Table 3) . Such low values are caused by a small proportion of additive gene effects, great effects of environmental factors on the expression of grain yield and high frequency of dominant alleles. When the frequency of dominant alleles is above 0.5 narrow-sense heritability decreases as confirmed by obtained results. Low values of narrow-sense heritability were gained by PAJIĆ (1984) , BABIĆ (1993) and TODOROVIĆ (1995) . Obtained very high values of broad-sense heritability indicate a high proportion of dominant gene effects in total genetic variance. Lower values of broad-sense heritability were obtained by TRIFUNOVIĆ (1986) . FALCONER (1960) indicates that when evaluating heritability one should bear in mind that obtained heritability for a certain trait is a value related to the particular population and specific environmental conditions.
The regression analysis has a practical application in quantitative genetics as a method of studying the intensity and the degree of dependence among observed phenomena. This method facilitates the determination of the genetic system of inheritance of quantitative traits. According to obtained results inheritance of grain yield ( Fig. 1 and 2) indicates superdominance what is in accordance with results gained by PAJIĆ (1984) and TODOROVIĆ (1995) .
CONCLUSION
The results of the analysis variance for grain yield show highly significant differences among observed genotypes, as well as, significant influence of the year and the year x genotype interaction on variability of this trait. The highest grain yield was recorded in the hybrids ZPLB401 x ZPLB406 (1997) and ZPLB404 x ZPLB406 (1998). As expected, hybrids had higher average yields than inbreds due to the depression of this trait in inbreds that occurs during inbreeding. The majority of hybrid combinations had high values of heterosis (from -31.7 to 178.1 %), while the hybrid ZPLB402 x ZPLB403 had a negative value of heterosis for grain yield (from -11.0 % in 1998 to -31.7% in 1997) . The analysis of genetic variance show that dominant components (H 1 and H 2 ) were higher than additive (D) and that their role in inheritance of grain yield in the F 1 generation was more important. The positive component F for this trait indicates that dominant genes prevailed over recessive ones. The estimated value of the average degree of dominance (H 1 /D) ½ is greater than unity and indicates superdominance in inheritance of these traits. The frequency of dominant genes (u) was greater than the frequency of recessive genes (v) for all traits in both years. The ratio of dominant genes to recessive genes in parental genotypes indicates prevalence of dominant genes over recessive ones in grain yield (Kd/Kr>1) during both years. Results of the Vr/Wr regression analysis point to superdominance in inheritance of grain yield. The presence of non-allelic interaction was determined for this trait. It points out to the need to study effects of epistasis as it can have a greater significance in some hybrids. High, i.e. low values of broad-sense, i.e. narrow-sense heritability for grain yield, respectively, were obtained (98.4% i.e. 11.9% in 1997 and 97.9% i.e. 12.2% in 1998) .
